The foundations of the mass generation mechanism of particles are reviewed. The Spontaneous Symmetry Breakdown within the Standard Model (SM) and the minimal supersymmetric SM (MSSM) are used to discuss the present status of the Higgs Mechanism along with the constraints in detecting the Higgs particles. Possible explanations and generalizations for the case that they should not appear or to couple Higgs Mechanism with gravitation because of the gravitational nature of Higgs particles are explored.
Introduction
The mechanism through which particles acquire mass is an important subject from the point of view of the basic constituents and interactions among them in nature. The production of mass is identified with symmetry breakdown of the Lagrangian, corresponding to a particular theory where the mass is generated as a consequence of symmetry loss and self-interactions. The Standard Model (SM) of particle physics, which is a full relativistic quantum field theory, has been incredibly successful in describing the electromagnetic, weak and strong interactions between the basic constituents (quarks and leptons) with the symmetry group G SM ≡ SU (3) C ×SU (2) W × U (1) Y . In SM the interaction of these constituents of matter with the Higgs field allows all the particles to have different mass under the assumption that the Higgs field, which makes the theory mathematically consistent, has a non-vanishing vacuum expectation value (VEV) in the ground state of the universe. The mass of the particles obtained via Higgs Mechanism is proportional to the VEV of the Higgs field. Further, the General Relativity (GR), which lies upon mass curving space-time, is not yet able to explain the mass more than as a parameter with the postulation m s = m t for heavy and inertial mass. Besides the explanation of mass in the models like SM in particle physics, the cosmological consequences of the mass production still demands further explanation. Moreover, a unified theory in this context is still lacking, although some aspects such as generalizations in Supersymmetry (SuSy), Supergavity (SuGra) and in gauge-gravity theories are available. It is worth to notice that the mass appears naturally as well as it co-exists peacefully in various known processes of the physical world as predicted by SM, but some of the basic aspects of the Higgs Mechanism are still underway as the Higgs particle is not yet an experimental reality. Further than SM, the Supersymmetry, which is a symmetry between fermions and bosons, leads to the possibility to cancel the unphysical quadratic divergences in the theory and provides the answer to the hierarchy problem between the electroweak scale (∼ 10 2 GeV) and the Planck scale (∼ 10 16 GeV). The supersymmetric version of SM may be, therefore, important to stabilize the hierarchy against quantum corrections, and in the minimal supersymmetric SM (MSSM) with the radiative electroweak symmetry breaking, the stability of the Higgs potential leads to mass production to be around the electroweak scale. The problem of mass production and mass explanation is by now a very important and analyzed one in modern physics, but certainly not a closed chapter. The search for Higgs particles is, therefore, very important and the experimental finding of them would signify a very important leap in quantum physics. In the present article, the problems associated with the mass are revisited from the perspective of well known mass-containing Lagrangians. The SM Higgs search is summarized with the current experimental status. Its phenomenological aspects in view of the unification of fundamental interactions are reviewed. The gravitationallike interactions and the possibility without interacting Higgs particles which puts constraints on Higgs Mechanism are also discussed. The impact of the Higgs scenario on the physical world is concluded with its future prospects.
The mass problem and Different Symmetry Breaking Modes
In order to discus the mass problem within analytical mechanics one can write the Hamilton's principle of the stationarity of (or least) action in the following form,
and there are two main ways to enter mass in the particular theory. First, by adding a massive Lagrangian term L m to the general Lagrangian L and second, by Spontaneous Symmetry Breakdown via an extra term L H = L 5 of a 5 th symmetrybreaking force. With the first option it is possible to achieve the main equations (viz. Schrödinger equation, Klein-Gordon equation and Dirac equation) in non-relativistic as well as in relativistic QM by postulating the mass-possessing Lagrangians in the following forms (here with natural dimensions c = 1, = 1):
where A |µ = ∂ µ A and A ||µ ≡ D µ A are the normal and covariant derivative with respect to all gauge-groups. The problem of this way relies on the proven fact of parity violation (viz. the CP violation in the β-radiation in Wu-like experiments in the electroweak interactions is well known). This violation is not achieved by adding mass by hand because through eqs. (2, 3, 4) , left-and right-handed particles couple all in the same way to vector-bosons in order to let gauge-invariance valid [1] . Moreover, a massive propagator (which gives the probability amplitude for a particle to travel from one place to another in a given time, or to travel with a certain energy and momentum, in this case for massive virtual particles) does not lose its longitudinal terms, not transforming in a (transversal) massless one with the limit m → 0. As a consequence of this, most closed Feynman graphs diverge, which makes the theory non-renormalisable. It is therefore needed to have a mechanism through which the theory does become renormalisable, and this can be achieved by Spontaneous Symmetry Breakdown where the existence of an extra scalar field (the Higgs field) is needed to make the theory (e.g. SM) mathematically consistent [1, 2] . The characteristics of different symmetry-breaking modes may be defined from the point of view of the parity violation and renormalisation. For parity violation to be gained and propagators to behave well, the principal option is the symmetry breakdown, so that the mass is produced as a consequence of this symmetry "loss" and self-interactions. The requirement for this breakdown is the addition of another gauge-invariant (i.e. current-conserving) Lagrangian term that gives the interaction, identifiable with a spontaneous production of mass. The symmetry breakdown may be given through different modes where the symmetry is realized in nature, depending on the properties of the ground state, where the main differences between the modes rely. In field theories, the ground state is the vacuum state and it is, therefore, important to know how the vacuum state responds to the symmetry transformations for symmetry breaking. The three main mechanisms are [3] (i) The Wigner-Weyl mode.
(ii) The Nambu-Goldstone mode.
(iii) The Higgs mode. In theses processes the symmetry group G breaks in a rest-symmetry groupG through G →G withG = n r=1G r , with n > 1 in the case of more than one breaking process. For example, SM with
Another symmetrybreaking example is given by [4] with the hope to explain the fundamental asymmetry between space and time found in the signature of the relativistic metric, which is mostly only given ad hoc. So, this asymmetry could be generated as a property of the ground state, following a symmetry-breakdown in the universe, from which the structure of quantum field theory as well as of the gravitational field equations should follow. The Wigner mode is the most usual symmetry-breaking mode in QM, with a real invariant vacuum which can be identified with the classical one as follows:
The Wigner mode is coupled to the existence of degeneracy between particles in multiplets and the violation of which forces an explicit symmetry breakdown in the Hamiltonian H. This may be seen in the Zeeman effect by turning-on of the external fields as the breaking of rotation symmetry and the breaking of SU (2)-symmetry in a U (1) one. Another example of the Wigner mechanism may be seen due to the effect of hypercharges when the breaking of SU (3) C in SU (2) W takes place, which further breaks in U (1) because of Coulomb interaction. The U (1)-symmetry stays unbroken because of current-conservation [3] . Both the Goldstone and Higgs modes are known as spontaneously symmetry-breaking, as symmetry is actually not lost but camouflaged, hidden behind mass production. These two modes differ from each other through their gauge-symmetry, while both are given through vacua as follows:
The Nambu-Goldstone mode works on global gauge while the Higgs mode works on local one. The main difference betyween them is that in the Nambu-Goldstone Mechanism massive (Higgs) and massless (Goldstone) particles (generally bosons) appear, while in the Higgs Mechanism only the massive ones are present at the time acquisition of mass of gauge bosons is given at expense of Goldstone particles, which are gauged away unitarily. The degrees of freedom of the massless particles, however, don't disappear from the physical spectrum of the theory. In general sense, the gauge fields absorb the Goldstone bosons and become massive, and Goldstone bosons themselves become the third state of polarization for massive vector-bosons. This interpretation is analogous to the Gupta-Bleuler Mechanism where with quantization of a massless field A µ , the temporal degree of freedom of A µ , i.e. A 0 , cancels with longitudinal space-like components of p µ · A in a way that A µ becomes the transversal components of p × A [3] . In the Higgs Mechanism the Goldstone mode cancels the time-like components of the gauge fields in such a way that the three space-like components remain intact and A µ behaves like a massive vector-boson. This analogous mass-achieving production can be identified in a more manifest way in the Meissner effect in conventional superconductivity. The Spontaneous Symmetry Breakdown can indeed help in non-relativistic theories to understand the microscopic reason of the breakdown and in cases like superconductivity it is called dynamical as dynamic fields of a more fundamental Lagrangian are guilty of it [5] . The analogy between the Higgs Mechanism and the Meissner effect may be explained in terms of the Yukawa-Wick interpretation of the Higgs Mechanism where the Goldstone bosons at unitary gauge vanish because of the existence of long-ranged forces, while these becoming short-ranged may be interpreted as the mass production following Yukawa's theory for massive fields. The condensed electron-pairs (Cooper pairs) in the ground state of a superconductor are, therefore, identifiable with a Higgs field. Due to Cooper pair condensation, the magnetic field enters only exponentially in the superconductor with a range known as Compton deepness (penetration depth)
proportional to the inverse (effective) mass of the photons. In the Higgs ScalarTensor Theory (HSTT) this range is the Higgs-range, which is inverse of the Higgs mass [6] . There also exist analogies between the Higgs field for the Schwarzschild metric and the London equations for the Meissner effect. More than that, the coupling between the superconductor and Higgs is of more profound nature as it helps in modern contributions to understand SM, especially in context of dual QCD where the Meissner effect gives a leitfaden to the theory to understand the condensation of coloured monopoles (i.e. the confinement of quarks within nucleons). Instantons, for instance, soliton solutions of the Yang-Mills equations of QCD, describe the quantum mechanical transitions between the different classes of Yang-Mills vacua and help to describe the chiral and flavour symmetry-breaking in QCD, as instantons are able to change the chirality of elementary particles [7] .
Higgs Mechanism and unitary gauge
The mass generation through an interaction with a non-empty vacuum can be traced back to the σ-model by Schwinger with the postulation of a scalar field σ along with its potential [1] . The four scalar fields, σ and ϕ i (i = 1, . . . , 3) in the σ-model lead to the appearance of three massive and one massless vector bosons, which seems to be too much in terms of physical economy in comparison with the Higgs Mechanism; the latter demands the appearance of only one scalar field φ [8] . The scalar multiplet belongs in SM to a doublet representation of the gauge group as follows:
The field is defined as having a non-trivial vacuum state, with the characteristic of breaking the symmetry of the group G to the rest-symmetry of the isotropy group G. The complex field φ 0 can be further written in terms of real fields, i.e., φ
(σ + iχ). Subsequent to the spontaneous breakdown of the gauge-symmetry, the minimal value of the energy-density u is taken by the value φ 0 = v with <σ >= v. Theσ and χ-fields are then identifiable with the Higgs particles and Goldstone bosons, respectively. The symmetry of the Lagrangian is then broken when particles fall from their false vacuum (with φ = 0) into the real one (with minimal u). In general, for such spontaneous symmetry breakdown, it takes less energy to generate a new particle (Higgs) and let it interact with itself than to have it disappear. So, under the ew interaction, when weakons try to propagate, they interact with the scalar field in the vacuum and slow down, what we can interpret as the appearance of mass in them. With Higgs bosons as neutral particles, photons do not see them and stay massless in electrodynamics, at the time the neutral Z-bosons do couple to Higgs, but via Weinberg-mixture with charged W -bosons. The Higgs mode doesn't need parity violation per se while the σ-model does [1] . Nevertheless, it is given in SM through the isospin scalar field φ as a doublet, in its isovectorial form (= φ + φ 0 ) instead of only an isoscalar, with φ = vN with the unitary vector N in the isospin-space (N † N = 1) and right-handed bosonic multiplets being only isoscalar, while left-handed are iso-doublets (for up-and down-states). The multiplets get mass through the components of N and in the unification model under SU (5)-GUT, N is matrix-valued for the first symmetry-breaking. The mass of the states is determined through the VEV v from and arbitrary coupling constants g. However, the parity violation can be achieved through other mechanisms, too. For instance, it appears naturally through gauging the group with help of non-canonical Pauli-σ-operators with characteristics needed for Higgs fields and isovectors as well [9, 10] . The simplest way to generate the spontaneous breakdown of symmetry is achieved, however, by choosing a Lagrangian with the Higgs potential V (φ) and transformed gauged field φ
where the potential V (φ) is given below:
The last term in the potential (9) is not bilinear. This is vital for (the apparent) symmetry breakdown to appear. Such theories are called φ 4 -theories. The Lagrangian is invariant under mirror-transformations φ → −φ, with the condition of tachyonic condensation, i.e. an imaginary mass given through µ 2 < 0. This is needed for the Higgs mode not to become a Wigner mode with classical vacuum where the selfinteractions lack to produce the necessary Higgs Mechanism. The ground state φ 0 becomes twice degenerate and φ z = 0 has a maximum value for the energy-density u. The minimum of the energy is then given through the Higgs ground state value v = 0 in the following form:
In a purely scalar case for φ, v is to be chosen between the negative value φ The choice α = 0 is also possible without restricting the system, as it doesn't demand any physical changes. Yet, it does not let mass go through phase transitions without changing its vacuum value. Thus, even if the Lagrangian is invariant under phase transitions, it must suffer explicitly through the loss of invariance of its ground state, and the particles that fall in this state indeed interact with the produced Higgs bosons, which slows them down. Following Special Relativity (SR), massless particles must travel with the speed of light c and massive ones with v < c. Thus, one can say that mass appeared in them. The energy of the system is meager and φ lies near its minimum. It is, therefore, possible to develop the scalar field around its minimal state with the excited onesφ in the following form:
With the excited fields with −2µ 2 ≡ M 2 for the mass of Higgs particles, letting the constant term out and only up to second order terms, the Lagrangian (8) may be rewritten, in isoscalar form, as
The first term (using only the common derivative) in the Lagrangian (12) corresponds to the kinetic energy of the Higgs particles and field while the last one gives the mass term corresponding to the Higgs field. Because of theφ 3 term of the excited field, the Lagrangian (12) is not mirror-invariant anymore. Thus, the symmetry is suddenly broken. In isovectorial form, the Lagrangian may be rewritten as
In spin-space, φ a is a scalar quantity, with spin zero, because particles and antiparticles should have equal masses independently of their spin. Isovectorially speaking, to let the Lagrangian invariant under local transformations, the covariant derivative (different for left-and right-handed states because of couplings which show parity violation) is needed and the massive term of the excited Higgs-Lagrangian gives the mass term of gauge bosons in the following form:
The A µ term in (14) , from the covariant derivation, corresponds to the mass of gaugebosons and is minimally coupled to the Higgs field. The mass-square matrix (opera-tor), which is symmetric and real, is given as follows (in natural dimensions):
The symmetry in the Lagrangian appears to be suddenly broken and the vacuum cannot be reached by perturbative expansion techniques from its normal phase. The Spontaneous Symmetry Breakdown is a phase transition which is manifestly nonperturbative: The acquisition of mass by the gauge-bosons through getting a third state of polarization out of the Goldstone field must be a phase transition. Yet, this feature does not mean that the Lagrangian lost its qualities, for they are only hidden by the invariance rupture of v with the boson of the excited fieldφ, which is of course the Higgs particle. Since the Higgs field does not give mass to neutrinos and the Higgs field has to be a vector in isospin-space only for the left-handed states (and the Dirac equation couples the derivative of a handed state with the mass of the contrary-handed one), (for the model) there is no right-handed neutrino in nature. (16) are the generators of the group which satisfy the following properties for the rest-symmetry and broken symmetry, respectively:
The diagonal components of the mass-square matrix are positive definite and correspond to the mass of gauge-bosons coupled to the scalar vector field φ. The masses of the Higgs multiplet are given through
where the massless Goldstone boson belongs to the Nambu-Goldstone mode because of the global symmetry breakdown, which carries the quantum number of the broken generator (i.e. the number of charges that do not annihilate the vacuum). This under the conditions of conserved currents, corresponding to an exact symmetry of the Lagrangian, non-invariant vacuum with χ a |0 > = 0 (with Goldstone fields χ a ) and Lorentz invariance or locality. Lorenz invariance impliesλ a τ a = χ a with χ a |0 > = 0 at least for one a. Moreover, there must be a state |m >∈ H with < m|χ a |0 > = 0 (i.e. a massless spin-0-particle). Nevertheless, in nature such massless scalar spin-0-particles do not exist and the Goldstone bosons would give rise to long-ranged forces in classical physics to lead to new effects in scattering and decay processes.
The possible non-relativistic long-range forces arising from the existence of massless Goldstone particles are spin-dependent and as such, it is difficult to observe them. Though, in principle, the γ 5 -couplings along with the CP-violation would change to scalar interactions which would then lead to spin-independent long-range forces [11] . The existence of such Goldstone bosons can, however, also affect astrophysical considerations by contributing with new mechanisms for energy loss from stars. The excited Higgs field distinguishes from the ground state by a local transformation that can be gauged away through an inverse unitary transformation U −1 . The unitary transformations contain the Goldstone fieldsλ (as the generator of symmetry) through
Thus, it is possible to gauge Goldstone bosons out of the theory by the following unitary gauge transformations with
so transforming
There is then ρ = φ † φ, φ = v(1 + ϕ) = vζ. The lacking of Goldstone bosons is mathematically permitted and the Goldstone rule of massless particles to appear from symmetry breakdown is only valid for global gauge, and unitary gauge is a local one. In SM the gauge fixing for the leptonic multiplet is given through N = (0, 1) T under SU (2) W ⊗ U (1) Y as follows for the ew interaction:
with the parity defined by the projection operator (1 ± γ 5 ) (where + denotes the left handedness and − denotes the right handedness of the particles) without norm by using ψ = ψ L + ψ R . In equation (22), f counts for the family of leptons i.e. f =(e, µ, τ ). For instance, the masses of the first generation leptons (i.e. electron and neutrino) are given as follows:
while the mass of gauge-bosons are defined as below:
with the Fermi constant G F ≃ 1.166 × 10 −5 GeV −2 , the Sommerfeld structure constant α ≃ 1/137 and the Weinberg term c w = cos ϑ w , defined through the coupling constant of the hypercharge
The Weinberg mixing of Z 0 with the W ± and A indicates that the photons are needed for the diagonalization of the square-matrix operator, and measurements for the Weinberg mixing angle (ϑ w ) within SM lead to the following approximate values
The Weinberg mixing angle not only relates the masses of W ± and Z 0 bosons, but it also relates the electromagnetic (e), charged weak (g 2 ) and neutral (g 1 ) couplings, which ultimately leads to the following approximate values of mass for W and Z boson:
The baryonic matter field is given through doublets, counting f the quark-generation (while in QCD, it counts the flavour with the colour-triplet of SU (3) C ) with a mass given through the Yukawa-coupling (as the potential energy of ψ in the scalar field φ), a new enlargening term of the Lagrangian, necessary to generate the mass of fermions via Higgs Mechanism:
with the identity valid for the ground stante. The scalar field (φ a ) couples with fermions (ψ A ) through the Yukawa matrixx, and the mass of the fermions may be given as follows:
Clearly, (23) represents a special case of eq. (29).
The Higgs-coupling to fermions is model-dependent, although their form is often constrained by discrete symmetries imposed in order to avoid 3-level flavour changing neutral currents mediated by Higgs exchange. Moreover, there are quantum mechanical radiative corrections to be added, so getting an effective potential V ef f (φ).
The
4 terms from a vacuum energy contribution caused by vacuum fluctuations of the φ-field are to be added, too. These corrections are due to gauge-bosons, to the Higgs term and to fermions, being bosonic and fermionic contributions of opposite sign. Furthermore, there are additional quantum gravitational contributions and temperature dependence, so that
As a consequence, symmetry should be restored at high energies (or temperature), especially in the primogenious universe (in contrast to today) [12] . The rupture of symmetry through the cooling of the universe after the Big Bang provokes the appearance of the four known elementary interactions. In this context, it is an open question if there are more than one Higgs particles, for there would be necessary two of them to exist in GUT under SU (5) for Spontaneous Symmetry Breakdown to occur and gauge-bosons to become massive at different energy-scales. Then, there is the parity-symmetry breakdown (axions [13, 14] ), a possible space/time-symmetry breaking in the metric [4] and so on.
Phenomenological aspects and unifications
Although the SM explains and foresaw many aspects of nature proven by experiments, there is still a problem of special relevance, which is called hierarchy problem. The ew breaking scale related to the Higgs mass is expected too high in SM, and this has apparently no solution within it. This signifies non-elementarity of the Higgs fields and, if they are elementary, then there should be a symmetry that protects these fields from a large radiative correction to their masses [1] . The first option results in being the Higgs field a composite, only an effective field, in the way one can explain superconductivity as following Higgs Mechanism. The second option only permits one possible symmetry which is known as Supersymmetry. SuSy is a symmetry between fermions and bosons and leads to the possibility to cancel the unphysical quadratic divergences in the theory and provide the answer to the hierarchy problem between the electroweak scale (∼ 10 2 GeV) and the Planck scale (∼ 10 16 GeV) (which is not possible within SM). The supersymmetric version of SM may be, therefore, an important way to stabilize the hierarchy against quantum corrections and in the minimal supersymmetric SM (MSSM) with the radiative electroweak symmetry breaking, the stability of the Higgs potential leads the mass production to be around the electroweak scale.
SuSy uses 2 Higgs doublets,
to give mass to up and down-type fermions, and it predicts 5 physical Higgs bosons. The most general potential for this is of the form [1]
although λ 6 and λ 7 are often let out and can be canceled by the symmetry
With this potential, the scalar field develops a non-degenerate vacuum expectation value if m 2 ij has at least one negative eigenvalue. The minimum of the potential is given through
It is helpful to define
and act as in the SM. In this case, there are 8 degrees of freedom with 3 Goldstone bosons (G 
SuSy couples fermions and bosons in a way that the scalar masses have two sources (given through v) for their quadratic divergences, one from scalar loop which comes with a positive sign and another from a fermion loop with negative sign. Radiative corrections to scalar masses should be controlled by cancelation of contributions from particles and SuSy partners (new supersymmetric (s-) particles that come from the breaking of SuSy). Since SuSy is not exact, this cancelation is not complete, so that the Higgs mass receives a contribution from the correction, but limited by the extent of SuSy-breaking, solving the hierarchy problem. Since s-particles of SuSy are expected in the order of the weak scale, it is suspected that SU (2) ⊗ U (1)-breaking is the one for SuSy, too, as a consequence of radiative corrections. For the structure of this model, quantum loop corrections would induce the symmetrybreaking in a natural way, solving another conceptual problem of SM [1] . Yet, the top-quark (which is the last quark experimentally found) appeared in a much higher energy-scale than all their quark companions. This hasn't been explained within the standard models, so it could be a consequence of an unknown substructure of the theory. Thus, SM and MSSM would be only an effective field theory with another gauge force that gets strong at SU (2) ⊗ U (1) breaking-scale. In Technicolor (TC), for example, technifermions (a type of pre-quarks or preons, postulating quarks as composite particles) would carry this new symmetry, which would break spontaneously when technifermions develop dynamical mass, independently of extern or fundamental scalar fields, although a good development of this theory has not been able to let such scalar fields out of them (extended TC) [1] . However, the high mass of top-quarks, coincidentally equalling the scale of electroweak interaction, leads to some models claiming that such a high top-mass could only be generated dynamically with so-called top condensation, for example. Ergo, a TC-symmetry breakdown SU (3) c → SU (3) 1 ⊗ SU (3) 2 (topcolor) could be needed [15] . In this way, Higgs particles could be a phenomenological appearance (e.g. a bound state of new fermions or of tt of top-quarks [1] ), and their phenomenological nature (which would also explain other problems as the impossibility to measure the gravitational constant G exactly [16] ) could also be a consequence of a more profound coupling as with gravitation, especially taking into account that Higgs particles couple gravitationally (and Yukawa-like), even in SM [17, 18] .
The Gravitational-like interactions and Higgs mechanism with and without interacting Higgs particles
Higher dimensional general relativistic theories as Kaluza-Klein's of 1917 to generalize GR and unify it with other interactions are, according to Jordan's isomorphy theorem [19] , conform equivalent to GR-like theories. A scalar field in the metric (as first in Jordan's theory [20] ) corresponds to a scalar field added to GR [21] and to the gravitational constant G, through which the strength of gravity can be varied, as worked out in the theory of Brans and Dicke [22] in their JBD-theory, coupling a scalar field with the curvature in the Lagrangian L. Zee coupled 1979 [23] as first the thoughts of symmetry breakdown of SM with Gravitation, what is especially reasonable, since the coupling of Higgs particles with those that acquire mass through them is as well short-ranged as gravitational-like [17] (even within SM [18] ) and, since following Einstein's Mach's principle, the inertial, as well as passive and active, gravitational mass should be induced by an interaction with the gravitational field [24] . The fundamental construction block for such a theory is αφ † φX as in [25] for a scalar field X identified with R. This scalar field would then be the Higgs field. For their gravitational nature, Higgs particles seem to couple naturally to gravitation and contribute to it, especially, since gravitational gauge-bosons are expected to be singlets under the gauge-group [25] . That is a reason why it is often discussed about a 5 th force, coming from a Higgs gravitation. Within a scalar-tensor theory of gravitation with the Higgs field as scalar field (HSTT) as a JBD-theory with a massive scalar field, one can interpret Higgs particles as a phenomenological appearance of polarization of the vacuum, since the Higgs field leads to a cosmological term near the cosmological constant, identified with the Higgs potential [26, 27] , and to a functional coupling parameter G [26, 27] . It could contribute in cosmological range as part of the Cold Dark Matter (CDM) because of the functional nature of the coupling G and following changes in the dynamics ( [25, 28, 29] , ad hoc e.g. [30, 31] and self-interacting DM (SIDM) [32, 33] ), especially since a short-ranged extra term for the gravitational potential, which would explain flat rotation curves, would imply massive graviton-like particles [30] . Analogous happens with Dark Energy (Quintessence) and Inflation because of the appearing cosmological function as energy-density of the vacuum state [12, 34, 35, 36] . Ergo, the model possesses the Higgs field as massive inflaton field identified with the present CDM. Such unified scenario inflaton/CDM is found in works like [37, 38] , too, proposing that inflation is found in the vicinity of the potential's maximum and ends when the field reaches its minimum. Fluctuations about this minimum would result in massive inflaton quanta that can provide a significant fraction of the CDM at the present epoch [38] .
A unification of gravitation with the SM and GUT using Higgs fields as in HSTT seems to be renormalisable and it could explain Inflation for baryogenesis and solve the flatness problem, with the Higgs potential as the Inflaton one and Einstein's cosmological constant (needed to explain measurements out of Novae of type Ia [39, 40] and expected in Supergravitation from interactions through vector-bosons [41] ). The scalar fields and Higgs Mechanism lead in cosmology to inflationary models, where the cosmological constant produces the inflationary expansion of the universe. Within the original, "old" inflation [42] , the scalar field should tunnel from its false vacuum to the minimality value v, while in the "new" inflation, it "rolls" slowly from φ ≪ v to v and then oscillates near to it. In case of "chaotic" inflation, the rolling-over is from φ ≫ v to v [12] . New inflation can lead in the HSTT to a deflation epoch before expansion, and fine-tuning is needed for the universe not to collapse in a singularity again. On the other hand, chaotic inflation, which seems to be the most natural form of inflation within HSTT [36] , doesn't need a singularity at the beginning of time, because of a breaking of the Hawking-Penrose energy condition (viz. [43, 44, 45] ), following from sufficiently large negative pressures that are possible as consequence of Yukawa interactions [46] that might play an important role in early stages of the universe [47] , weakening the gravitational interaction as consequence of the Higgs-potential and -gravitation [36] . In HSTT, after inflation, the Higgs potential might decay in baryons and leptons, reheating the universe, and oscillations from the Higgs potential that should stay, could be interpreted as SIDM in form of Higgs particles. If they stay only as a gravitational background or are to be detected stays as an open question, even in gravitational models with Higgs particles. Search and production of Higgs particles stays on top for a definite establishment of physical models. In astrophysics, General Relativity (GR) needs the existence of more mass than it is observable (mass problem), especially in spiral galaxies and clusters (which is usually explained through DM), but mass in GR is defined through curving space-time, independently of its interaction with other interactions unlike gravitation. A mass of Higgs particles does not imply intrinsically them to be gained in a laboratory. In the end, their actual interactions are only given through the given coupling of the particles. If they are to be generated depends on the actual Higgs field equation and its source, given in SM with
In SM, the source of the Higgs field are the particles that get mass through it. This is model-dependent and in the case of a coupling of the Higgs field(s) to space-time curvature through the Ricci scalar with
the source and expected mass of Higgs bosons can change. Within HSTT, the Higgs mass is expected around 10 −17 less than in SM, and 10 −4 less than in GUT under SU(5), and it is possible for the Higgs particles to decouple from the rest of the universe and interact only gravitationally. That is the case if the the same φ is found coupling to R and in L M for mass production of gauge-bosons [27] . In SM, it is
Within the Higgs Scalar-Tensor Theory, the Higgs field equation with coupling to R and φ (SM) and only to R (GUT), respectively, is given below:
After symmetry breakdown (with the excited Higgs field (ϕ) and 1 + ϕ = √ 1 + ξ), the Higgs field equation for both cases acquires the following form:
with T as the trace of the energy-stress-tensor T µν :
with the metrical tensor g µν , the field-strength tensor
and the with the tetrades generalized Dirac matrices γ µ = h µ a γ a . For them, the relation
is valid and from it, γ µ ||α = 0 with the covatiant derivative with the form
For the energy-stress tensor, there is
With a coupling of φ with the matter-Lagrangian, the energy-stress tensor (i.e. the mass) and the source of Higgs particles (through which they interact non-gravitationally with the universe) cancel each other, so that Higgs particles are no longer able to be generated and they interact only gravitationally, through the gravitational channel.
Search For Higgs Boson
The search for the Higgs boson is the premier high energy physics' goal, and the SM without the Higgs boson is something like a nonsensical theory (at least, not physical). It is often said that the Higgs boson is the only missing peace of SM, now that the top-quarks are already subject of experimental reality. The Higgs bosons could not be generated so far in the particle accelerators, while their practical reality in explaining mass is not questioned at all and has been proven in many ways. However, the fundamental character of Higgs bosons still demands more explanation and due to the absence of experimental evidence, they lie in the category of yet to be discovered objects. From the point of view of the search for Higgs particles, SuSymodels are leading candidates, while TC-models do not contain Higgs particles at all and some gravitational theories are often interpreted as with Higgs particles only interacting gravitationally. The minimal supersymmetric extension of SM (MSSM), having the particle spectrum of SM along with the corresponding superpartners and two Higgs doublets in order to produce mass consistent with supersymmetry as well as to avoid the gauge anomalies due to the fermionic superpartner of bosons, stabilize the Higgs mass. Using group renormalisation techniques, MSSM Higgs masses have been calculated and two specific bounds on Higgs masses can be made for the case when the top-squark mixing is almost negligible and when it is maximal. The assumption m T = 175GeV and m T = 1TeV leads to m h 0 112GeV when the mixing is negligible, while maximal mixing produces the large value of m h 0 125GeV. The Higgs Mechanism of mass production is dependent on the existence of Higgs particle(s) and, therefore, the search for them at various high energy accelerators is very important in elementary particle physics. This search started in the early 1980's with the LEP1 (Light Electron Producer) Summer 1983 but without knowing all parameters, it was nearly impossible to know in which energy-scale to search. In this constraint, maximal mixing corresponds to an off-diagonal squark squared-mass that produces the largest value m h 0 with extremely large splitting in top-squark mass eigenstates. The weak scale SuSy predicts m h 130GeV, all relatively in accordance with a possible Higgs mass in the order of 114GeV, in which CERN presented possible positive results September 2000 (this was achieved after delaying the shut-down of LEP and reducing the number of collisions for the Higgs search to get additional energy and work over the original capacities of the collider). However, the experiments were forced to stop for further improvement in the accelerator (towards the new Lepton-Hadron collider (LHC)) and such results could not be achieved again by other laboratory groups. Further updates presented 2001 lessened the confidence and more thorough analysis reduced the statistic significance of the data almost to nothing.
With m T known, at least another parameter is given in the theory, i.e. tan β = 
Nevertheless, in experiments looking for Higgs particles, it is important to separate them from the HZ-channel (i.e. e + e − → HZ) and for this, one has to pick out the H and Z decay products against the background of all other decay channels, although the cross-section is very small for the HZ channel in respect to hadron ones, and smaller for greater masses of the Higgs particles. Especially the ZZ production is an irreducible background to ZH production. The Z bosons can decay in W bosons or, from an excited state, in other Z and Higgs bosons H. Then again, H is expected to decay in 60% possibility in four jets in heavy hadrons:
There is missing energy in 18% possibility, while a leptonic channel exists in 6% possibility:
Another channel, which has 9% possibility, is the τ -channel:
Thus, experiments look for Z boson events accompanied by a pair of bottom-quarks, which together have enough energy to come from a very heavy object (the Higgs boson candidates). Then, the total number of events in all decaying channels are to be compared against the total number expected in the theory, along with the measured particle energy against the machine performance at all time-events, to be sure that changes in the accelerator energy and collision rate do not affect the interpretation.
The cross-section for HZ channels is meager and dependent on the mass of the Higgs particles. For a Higgs mass of m H = 110GeV, the cross-section for e + e − → HZ decays is already smaller than for ZZ ones and decreasing for higher masses. For energies greater than 110GeV, the cross-section of e − ascends rapidly in energies higher than around 140GeV, and it is almost constant after around 170GeV, with a cross-section something larger than W W and γγ, in a cross-section scale of 10pb. A decay channel in ZZ is much weaker, but perceivably higher than zero, around 1pb after energies in the scale of 180GeV. The same for the shorter W + W − γ decay channel. The HZ channel is expected even weaker than the last ones and perceivably unlike zero only after around 220GeV, in a cross-section scale of 10 −1 pb. For the decay channels to be analyzed, it is important to detect the Z decays. Further, OPAL also detects Z → e + e − events. The electron pair events have low multiplicity and electrons are identified by a track in the central detector, and a large energy deposit in the electromagnetic calorimeter, E/p = 1.
− events are analyzed in L3. Muons penetrate the entire detector and let little energy in the calorimeters. L3 emphasizes lepton and photon id with a precise BGO crystal ECAL, and a large muon spectrometer. All detectors reside inside a r=6m solenoid with a magnetic field B=0.5T. Further, Z → τ + τ − events are detected in DELPHI. Tau lepton-decays are dominated by 1 and 3 charged tracks, with or without neutrals, missing neutrino(s) and back-to-back very narrow "jets". For them, DELPHI has extra particle ID detectors: RICH. To detect heavy hadrons in nature, it is important to remind they decay weakly, sometimes in leptons, with long lifetimes and characteristic masses and event shapes. b and c hadrons decay around 20% in leptons with high momentum p. Then, electrons are ionized in tracking chambers, while muons match between the central track and muon chambers. Moreover, leptons give charge to the decaying hadron as in e + e − → Z → bb in L3. In the LHC, however, a Higgs mass of up to twice the Z boson mass might be measured. The production mode is based on partonic processes, as in the Tevatron, and the greatest rate should come from gluon fusion to form a Higgs particle (gg → H), via an intermediate top-quark loop, where the gluons produce a virtual top-quark pair, which couples to the Higgs. Alternatives are the channels of hadronic jets, with a richer kinematic structure of the events, which should allow refined cuts increasing the signal-to-background ratio. The latter channels are the quark-gluon scattering (q(q)g → qqH) and the quark-antiquark annihilation (qq → gH), both dominated by loop-induced processes involving effective ggH and ggHZ-couplings [49] . Nevertheless, there is still the possibility of more decaying channels. Generalizations of SM, for example in supersymmetric models, need the existence of more possible decays with supersymmetric particles (such as through squark loops). Such a generalization might be needed in respect of problems that are not solvable within SM and seems to be definitely secured within supersymmetric version of SM. Self-consistency of SM to GUT at a scale of about 10
16 GeV requires a Higgs mass with the upper and lower bounds given below [48] :
Higher values of mass for Higgs bosons make the theory non-perturbative while lower values make the vacuum unstable. From the experimental point of view, the Higgs masses M H < 114GeV are excluded at least with 95 % C.L.(confidence level). However, electroweak data strongly prefers light Higgs bosons and according to the fit precision of all data, the most likely value of Higgs mass should be slightly below the limit set by direct searches at LEP2 while the upper limit for Higgs mass lies around 220GeV at 95% C.L. [50] . The Higgs boson mass is unrestricted and there are even indications from lattice calculations that the simplest version of ew interaction is inconsistent, unless m H 700GeV [48] . With such a mass higher than 800GeV, Higgs bosons should be strongly interacting, so that many new signals may appear in the Higgs boson scenario.
Epilogue
The SM in modern elementary particle physics provides a concise and accurate description of all fundamental interactions with the exception of gravity. The answer of the fundamental problem which allows the elementary particles to become heavy is now addressed in terms of the Higgs boson in SM, which is quite unlike either a matter or a force particle. The Higgs Mechanism is, therefore, a powerful tool of modern particle physics, which makes the models mathematically consistent and able to explain nature in a manifest way. The bosons and fermions are believed to get mass through a phase transition via Higgs Mechanism (gauging Goldstone bosons out), using for fermions a Yukawa-coupling before symmetry breakdown. In that way, particles are able to be coupled with experiments, and a theoretical explanation is given of how mass enters in physics, in a way that parity violation is given in the electro-weak interaction and mass is explained as a result of interactions between particles and the Higgs field. Nevertheless, the Higgs particles, belonging to the Higgs field, are still not experimental reality and need to be found for the model to be seen as complete, in the same way that SM might be needed to be generalized, maybe only with grand unification models, maybe under Supersymmetry (to explain for example the hierarchy problem) or even Technicolor or scalar-tensor theories of gravity. The Higgs particles interact in a gravitative and Yukawa form but their nature is still not completely understood. Their fundamentalness is not a fact until they are found in high energy experiments, so Spontaneous Symmetry Breaking could turn out to be only dynamic as in Technicolor, with Higgs particles only of phenomenological nature. On the other hand, they could turn out to couple only gravitationally, not being able to be generated in accelerators, as a form of SIDM and related to the Dark Energy and vacuum polarizations, maybe Inflation, too. By now, the search for Higgs particles is a very important task in physics and it is believed that their mass should be in next range of nowadays reactors, so the theory to remain perturbative and the particles not strongly coupled and stable. They are believed to have a mass less than 190GeV and over 130GeV, and experimental fact is that they are heavier than 114GeV. The search for the Higgs boson is still matter of speculation in absence of firm experimental support and the experimental detection of Higgs particles as a real observable particle in future will be a momentous occasion in the world of elementary particle physics to certify the basic idea of Spontaneous Symmetry Breaking for the mass generation.
